Introduction
Pesticides differ from any other chemical substances because they are deliberately spread into the environment. As a consequence, a great part of the human population may be exposed either in the general environment or in the working settings. The occupational exposure involving the manufacturing, and the use of pesticides, takes place mainly through dermal or respiratory route. While the environmental exposure, involving general population is mainly due to the ingestion of the contaminated foods and water. The environmental and occupational exposure determines the detrimental effect that this exposure could have on reproductive function. In women, if primordial follicles are destroyed extensively, they cannot be regenerated. This can cause premature ovarian failure, early menopause 1, 2) . The Carbofuran (2,3-dehydro-2,-2-dimethyl-7 benzofuranyl methylcarbamate), is a systemic N-methyl carbamate pesticide with predominantly contact and stomach action. It is mainly used as a soil applied chemical to control soil dwelling and foliar feeding insects and nematodes on a variety of agricultural crops, including maize, corn, rice, potatoes, alfalfa and grapes 3) . Carbofuran is a potent cholinesterase inhibitor and is highly toxic to humans and wildlife through the oral and inhalation routes of exposure 4) . It has been shown to affect the thyroid system in ewes, resulting in increased thyroxine concentrations 5) . Yousef et al. 6) have reported that the carbofuran decreased libido and sperm number in rabbits. The carbamate pesticides also have been recently reported in the induction of gonadal toxicity to female rats after chronic exposure to mancozeb and the administration of the sodium N-methyl dithiocarbamate Industrial Health 2002, 40, 345-352 inhibits the secretion of luteinizing hormone thus affecting the ovulation in rats 7, 8) . In view of the above findings, the present study has been undertaken to know the effect of a carbamate insecticide, carbofuran, on estrous cycle and follicular growth in virgin albino mice.
Materials and Methods
Technical grade carbofuran was kindly provided by Rallis India Ltd., Mumbai and dissolved in olive oil as a vehicle for oral administration. Laboratory bred virgin female Swiss albino mice aged 12-17 weeks, weighing between 24-28 g, showing regular 4-5 days estrous cycle were selected randomly from the breeding stock. The animals were housed in separate cages bedded with paddy husk and had free access to synthetic pellet diet "Gold Mohar" (Hindustan Lever Ltd., Mumbai) and water ad libitum throughout the study. The lighting schedule was 12:12 h light and dark cycle at a room temperature 26° ± 1°C. Doses were given below the acute LD 50 level of intoxication 9) . Animals were divided into 5 groups having 10 animals in each. Carbofuran administered in doses of 0.4, 0.7, 1 and 1.3 mg/kg/d orally for 30 d to respective groups. The control group received an equal volume of olive oil. Daily vaginal smear and body weight were recorded throughout the experiment.
Estrous cycle
The phases of estrous cycle was determined by observing the vaginal smear in the morning (0800 h to 1000 h) as described by Cooper et al. 10) . Animals were sacrificed by cervical dislocation on the 31 st day, 24 h after the final exposure and soon after the last vaginal smear.
Morphometric analysis of follicular growth
Ovaries of 5 animals in each group were taken for follicular growth studies. The estrous cycle stages of the five analysed ovaries displayed were in diestrus stage. The weight of ovaries of the animal nearest to the mean weight of the ovaries of respective group was selected. The ovaries were fixed in Bouin's fluid, embedded in paraffin, sectioned at 5 µm thickness and stained with hematoxylin and eosin. All serial sections of the ovary were counted for various stages of development of follicles as described by Moawad et al. 11) , and Bolon et al. 12) . Follicles were classified according to Chen et al. 13) into small medium and large follicles. Healthy or atretic follicles were classified as described by Swartz and Mall 14) . In the present study, three classes of ovarian follicles were categorized using the relative cross sectional diameter of the follicle as measured from the outer margins of the granulosa cell layers. These quantitative criteria represent a substantial simplification of an elaborated grading system proposed by Pedersen and Peters 15) , with eight stages and several sub stages to differentiate between primordial oocytes (Type 1) to antral follicle (Type 8).
1 Follicles displaying the nucleus of the oocyte were measured by using a calibrated occular micrometer to avoid repeated counting. The maximum diameter and diameter at the right angle to it were used to obtain a mean diameter for each follicle. A follicle was considered to be undergoing atresia or to regressing whenever two or more pyknotic granulosa cells would be found in a single section or whether the oocyte showed signs of degeneration, such as fragmentation, loss of nuclear membrane, or thinning of cumulus oophorus as proposed by Osman 16) .
Body and organs weight
The body weight gain was calculated on the basis of the weight taken on the 1 st day soon after the oral administration considered as the initial body weight and the weight taken on the 31 st d before cervical dislocation was considered as the final weight. Ovary, uterus, kidney, adrenal, liver, spleen, thymus and thyroid were dissected out, freed from adherent tissue and weighed to the nearest milligram. To ensure normalization of data for statistical analysis, organ weights were expressed per 100 g body weight.
Statistics
Statistical significance between the control and experimental data were subjected to analysis of variance (ANOVA) together with Dunnett's test. The Kruskal-Wallis test was used for the analysis of follicular counts. A probability of <0.05 was assumed to denote a significant difference.
Results

Estrous cycle studies
The control mice exhibited regular estrous cycle and normal duration of each phases of estrous cycle. Treatment with 1.3 mg/kg/d carbofuran caused a significant decrease in the number of estrous cycle and duration of proestrus, estrus and metestrus with concomitant significant increase in the duration of diestrus phase. Treatment with 1 mg/kg/ d carbofuran also caused a significant decrease in the number of estrous cycle and duration of proestrus and estrus with concomitant significant increase in the duration of diestrus phase. However, treatment with 0.4 and 0.7 mg/kg/d carbofuran showed no significant change in the number of estrous cycle and duration of each phases of estrous cycle. Diestrus index was also increased dose dependently following the administration of carbofuran (Table 1) . However, the intoxicated mice were depressed and showed less running activity immediately after administration of carbofuran. This may be due to the inhibition of cholinesterase 17) .
Morphometric analysis of follicular growth studies
The histologic observations of the control mice showed number of developing follicles, Graafian follicles, Corpora lutea and atretic follicles (Fig. 1) . Treatment with 0.4 and 0.7 mg/kg/d carbofuran showed no significant change in the number of healthy and atretic follicles (Tables 2, 3 ). The histologic examination of the ovaries revealed developing follicles, corpora lutea and atretic follicles (Figs. 2, 3) . Treatment with 1 and 1.3 mg/kg/d carbofuran caused a significant decrease in the number of healthy follicles with concomitant significant increase in the number of atretic follicles (Tables 2, 3 ). The histologic observations of the ovaries revealed fewer developing follicles, less number of corpora lutea and many atretic follicles (Figs. 4, 5 ) and the size of the ovaries was also reduced when compared with the control mice.
Body and organs weight studies
The mice treated with carbofuran for 30 d showed dose related toxicity in terms of gain in body weight. There is a significant decrease in the gain in body weight with 1.3 mg/ kg/d carbofuran treatment. Treatment with different doses of carbofuran did not alter the weights of the uterus, kidney, adrenal, liver, spleen thymus and thyroid. However, there was a significant decrease in the weight of the ovary with 1.3 mg/kg/d carbofuran treatment (Table 4) .
Discussion
Cyclic changes of the vaginal smear observed in the estrous cycle gives a reasonable index of the ovarian activity and its hormonal synthesis of estrogen and progesterone. The levels of these hormones are controlled by hypothalamus releasing gonadal hormones and pituitary gonadotropins 18) . The results obtained in the present study indicate that the control mice exhibited regular 4-5 d estrous cycle. Mice treated with 1 mg/kg/d carbofuran causes a significant decrease in the number of estrous cycle and the duration of proestrus and estrus with concomitant significant increase in the diestrus phase. However, treatment with 1.3 mg/kg/ d carbofuran causes a significant decrease in the number of estrous cycle and the duration of proestrus, estrus, metestrus with concomitant significant increase in the diestrus phase. Diestrus index was also increased dose dependently in all the groups following the administration of carbofuran. Recently, similar results have been reported that the rats treated with a carbamate fungicide mancozeb causes a significant decrease in the number of estrous cycle and the duration of proestrus, estrus, and metestrus with a concomitant significant increase in diestrus phase 7, 19) . Similar results have also been reported with other organophosphate pesticides treated animals [20] [21] [22] [23] [24] [25] . In contrast, organochlorin pesticides like DDT, chlordecone, methoxychlore and dicofol showed a capacity to induce the persistent vaginal estrus, thereby affecting the number of estrous cycle resulting from the hormonal imbalance and prolonged estrus [26] [27] [28] [29] [30] . In the present study it has been shown that treatment with carbofuran showed prolonged diestrus and hence, carbofuran may not have estrogenic activity as it has been shown in the chlorinated pesticides treated animals. It has been reported that carbamate fungicide sodium N-methyl dithiocarbamate is shown to block the ovulation by inhibiting the secretion of LH in rat 8) . Since carbofuran is a carbamate pesticide, it may be possible that it would act on the level of hypothalamus to adversely affect the ovary, which in turn affects the estrous cycle and folliculogenesis due to the hormonal imbalance in estrogen progesterone ratio.
Plowchalk et al. 31) have reported that the quantitative assessment of follicle number is an indicator of the normal function as well as toxic responses in the ovary. Follicles are the principle functional units of the mammalian ovary.
The most important controllers of follicular development are follicle stimulating hormone (FSH) and luteinising hormone (LH) produced from the pituitary and the ovarian steroid estradiol produced by granulosa cells. Although all follicles are apparently exposed to the same fluctuations in these hormones, not all are equally responsive, some ovulate and others become atretic, indicating the presence of intragonadal regulatory factors which modulate the effect of these major hormones 32) . The present study revealed that the medium and total number of healthy follicles were significantly decreased with concomitant significant increase in medium and total number of atretic follicles in higher doses, but there was no effect on lower doses of carbofuran treated mice. Similar findings have been reported on the reduction of different types of healthy follicular stages with concomitant increase in the atresia in rats and mice treated with different pesticides. It has been reported that the chlorinated pesticides induces follicular toxicity in reducing the pool of healthy, large and medium sized follicles with increase in the atretic follicles 14, 29, 30) . It has also been reported that the administration of a number of organophosphate pesticides to adult rats increased the number of atretic follicles with concomitant decrease in the number of some of the follicular stages and total number of healthy follicles in dose and duration dependent manner [22] [23] [24] . Ataya et al. 33) have reported that the cyclophosphomide is found to inhibit the development of the antral follicles in rats, thereby increasing atretic follicles through interfering with hormonal ovarian follicular development and reduces estradiol. It has been shown that the ovarian andragen and inhibin secretion by follicles may be an important part in the regulation of FSH secretion and follicular growth 34) . McCann 35) has reported that a wide variety of pharmocologic agents that modify the neurotransmitter levels would act at the level of hypothalamus to adversely effect the reproductive function.
Treatment with carbamate fungicide sodium N-methyl dithiocarbamate is shown to block the ovulation by inhibiting the secretion of luteinizing hormone in rats 8) . Recently it has been reported that rats treated with carbamate fungicide mancozeb, showed a decrease in the number of healthy follicles with increased atretic follicles 7, 19) . In the present study, there is also a possibility that the decreased healthy follicles with concomitant increase in atretic follicles in mice may be due to affecting gonadotropin secretion via central nervous system mechanism, as it was observed in the rats with the following administration of dithiocarbamates 36) . In the present study there is also a possibility that the disruption in the estrous cycle, decrease in the healthy follicles with concomitant increase in the atretic follicles may result from the damage by toxicants at the level of hypothalamo-pituitary gonadal axis. It has been reported that the insecticides may destroy endocronologic Homeostasis, by suppressing GnRH release, may act directly on the gonadotropins to alter the gonadotropins synthesis and secretion or indirectly by altering the pituitary cell responsiveness to GnRH or gonadal steroids which result in the alterations in the levels of FSH and LH affecting the feed-back mechanisms [37] [38] [39] . Further evidence of hormonal imbalance is corroborated with as the mice shows continuous diestrus. Therefore, the reason may be due to the hormonal imbalance in any of the stages in hypothalamo-hyphophysial ovarian axis or by insensitising the follicular receptors to the available gonadotropins thereby led to the retardation of further development of surviving follicles into next successive follicular stages and also arrest of estrogen production which affects the estrous cycle or directly on the ovary by causing fibrosis 36, 40) . However, further investigation in this regard is essential to know the mechanism of action of carbofuran on follicular development and estrous cycle. Treatment with carbofuran showed dose related toxicity in terms of body weight. There is a significant decrease in the body weight gain in high dose of carbofuran treatment, as there may be suppression towards food and water intake. Although food and water intake has not been measured in this study, this may be one of the reasons for low weight gain and alteration in the estrous cycle. The ovary weight was decreased significantly with high doses of carbofuran treatment. Similar observations were made in rats treated with monocrotophos and have reported that decrease in weight and size of the ovaries is due to extensive fibrosis and atretic follicles 40, 41) . Treatment with carbofuran in different dose groups did not alter the weights of uterus kidney, adrenal, liver, spleen, thymus and thyroid. Similar results have been reported in other pesticide treated rats 7, 19, 30) . The alteration in the estrous cycle with prolonged diestrus and decrease in the healthy follicles with an increase in the atretic follicles in carbofuran treated mice may be due to the reduced synthesis of steroids in the ovary, causing imbalance in the estrogen: progesterone ratio. Whether the observed toxicity occurred as a result of direct effects upon the ovary or indirectly through the action on the hypothalamus and/or pituitary, or by desensitizing the ovary to gonadotropins cannot be ascertained from this study. Further investigation on the mechanism of carbofuran ovarian toxicity will be necessary.
